Abstract. MicroRNA (miR)-138 generally has a suppressive role in various human cancer types; however, its role and the underlying mechanisms in laryngeal squamous cell carcinoma (LSCC) have remained to be elucidated. The present study assessed the clinical significance and regulatory mechanisms of miR-138 in LSCC progression. Reverse-transcription quantitative polymerase chain reaction analysis indicated that miR-138 was significantly downregulated in LSCC tissues and cell lines. In addition, the decreased expression of miR-138 was significantly associated with poor differentiation, lymph node metastasis and advanced clinical stage of LSCC. Restoration of miR-138 expression caused a significant decrease in the proliferation of Hep-2 LSCC cells, while knockdown of miR-138 significantly promoted Hep-2 cell proliferation. A luciferase reporter assay further identified enhancer of zeste homologue 2 (EZH2) as a direct target gene of miR-138, and the protein expression of EZH2 was negatively regulated by miR-138 in Hep-2 cells. Furthermore, overexpression of EZH2 eliminated the suppressive effects of miR-138 on Hep-2 cell proliferation via activation of phosphoinositide-3 kinase (PI3K)/AKT signaling. In addition, EZH2 was found to be significantly upregulated in LSCC tissues and to be inversely correlated to the miR-138 levels. The results of the present study demonstrated that miR-138 inhibits the proliferation of LSCC cells, at least partly via targeting EZH2 and inhibiting PI3 K/AKT signaling. The present study highlighted the clinical significance of the miR-138/EZH2 axis in LSCC.
Introduction
Laryngeal squamous cell carcinoma (LSCC) is a common malignant tumor type of the otolaryngeal region, accounting for 1-2% of all human cancer cases worldwide (1, 2) . Although great efforts have been made regarding tumor diagnosis and treatment, the prognosis of patients with LSCC still remains unsatisfactory (1) (2) (3) . Investigation of the regulatory mechanisms underlying LSCC development and progression may lead to the development of effective therapeutic strategies for LSCC.
MicroRNAs (miRs), a class of of short non-coding RNAs, may cause the degradation or translational inhibition of their target mRNAs via directly binding to their 3'-untranslated region (UTR) (4, 5) . A large number of miRs have been found to be involved in various biological processes, including cell survival, apoptosis, proliferation, differentiation, cell cycle progression and migration (6, 7) . Deregulation of miRs has been observed in a variety of human cancer type (8, 9) . Certain specific miRs act as key regulators of the expression of oncogenes or tumor suppressors in LSCC, and may thus be utilized as potential therapeutic targets for this disease (10, 11) . For instance, miR-144 suppresses the growth and metastasis of LSCC by targeting insulin receptor substrate 1 (10) , while miR-365a promotes LSCC growth and metastasis by activating the phosphoinositide-3 kinase (PI3K)/AKT signaling pathway (11) . However, the roles of miRs in the development and progression of LSCC as well as the underlying mechanisms remains to be fully elucidated.
miR-138 has been reported to have a suppressive role in certain common types of human cancer (12) (13) (14) . For instance, Jiang et al (12) found that miR-138 has a suppressive role in osteosarcoma by targeting differentiated embryonic chondrocyte gene 2. Wei et al (13) reported that miR-138 exerts anti-glioma efficacy by targeting immune checkpoints. Furthermore, miR-138 was reported to inhibit the proliferation of cervical cancer cells by targeting c-Met (14) . Recently, miR-138 was found to be significantly downregulated in LSCC tissues compared with that in paired normal laryngeal tissues, and miR-138 inhibit the invasion of LSCC cells by directly targeting zinc finger E-box-binding homeobox 2, suggesting that miR-138 may have suppressive effects on MicroRNA-138 suppresses cell proliferation in laryngeal squamous cell carcinoma via inhibiting EZH2 and PI3K/AKT signaling LSCC metastasis (15) . However, the exact role of miR-138 in LSCC growth has remained to be fully elucidated. Therefore, the present study aimed to investigate the clinical significance of miR-138 in LSCC and the regulatory mechanism of miR-138 in LSCC cell proliferation.
Materials and methods
Tissue collection. The present study was approved by the Ethic Committee of the Second Hospital of Xinjiang Medical University (Urumqi, China). A total of 65 LSCC tissues and their matched adjacent non-tumorous tissues were collected between March 2012 and April 2015 at the Second Hospital of Xinjiang Medical University. Written informed consent was obtained from all patients included. None of the patients received any radiation therapy or chemotherapy prior to surgical resection. The tissue samples were immediately snap-frozen in liquid nitrogen after surgical resection and stored at -80˚C until use. The clinical information of patients included in this study is summarized in Table I .
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
Total RNA was extracted using TRIzol reagent (Thermo Fisher Scientific, Inc., Waltham, MA, USA), and 1 µg of RNA was reverse transcribed into complementary (c) DNA using a PrimeScript 1st Strand cDNA Synthesis kit (Takara, Otsu, Japan) according to the manufacturer's instructions. For miR-138 expression detection, real-time PCR was performed using a miRNA Q-PCR Detection kit (GeneCopoeia, Rockville, MD, USA) on an ABI 7500 thermocycler (Thermo Fisher Scientific, Inc.), according to the manufacturer's instructions. U6 gene was used as an internal control (cat. no. HmiRQP9001; Guangzhou Fulengen Co., Ltd., Guangzhou, China; sequence not provided). For mRNA expression detection, qPCR was performed using a SYBR-Green I Real-Time PCR kit (Biomics, Nantong, China) according to the manufacturer's instructions. GAPDH was used as an internal control. The specific primer pairs were as follows: Enhancer of zeste homologue 2 (EZH2) forward, 5'-AAT CAG AGT ACA TGC GAC TGA GA-3' and reverse, 5'-GCT GTA TCC TTC GCT GTT TCC-3'; GAPDH forward, 5'-CTG GGC TAC ACT GAG CAC C-3' and reverse, 5'-AAG TGG TCG TTG AGG GCA ATG-3'. The reaction conditions were 95˚C for 5 min, followed by 40 cycles of denaturation at 95˚C for 15 sec and an annealing/elongation step at 60˚C for 30 sec. The relative expression was analyzed by using the 2 -ΔΔCq method (16 MTT assay. Hep-2 cell suspension (5x10 4 cells/well) was seeded in a 96-well plate and cultured for 0, 24, 48 or 72 h. MTT (10 µl, 5 mg/ml, Thermo Fisher Scientific, Inc.) was then added to each well, followed by incubation at 37˚C for 4 h. The supernatant was removed and 100 µl dimethyl sulfoxide was added to each well. The absorbance at 570 nm was determined using a Model 680 Microplate Reader (Bio-Rad Laboratories, Inc., Hercules, CA, USA).
Bioinformatics predication and luciferase reporter assay.
Targetscan online software (http://www.targetscan.org) was used to predicate the putative targets of miR-138. The mutant type (MT) of the 3'UTR fragment of EZH2 lacking complementarity with the miR-138 seed sequence was generated using the QuickChange Site-Directed Mutagenesis kit (Stratagene, La Jolla, CA, USA), according to the manufacturer's instructions. The wild-type (WT) or MT EZH2 3'UTR fragment was cloned into the downstream region of the firefly luciferase coding region of the pMIR-GLO™ luciferase vector (Promega Corp., Madison, WI, USA). Hep-2 cells were co-transfected with the WT-EZH2-3'UTR or MT-EZH2-3'UTR plasmid, and miR-NC or miR-138 mimics. The luciferase activity was detected after transfection for 48 h using the Dual Luciferase Reporter Assay system (Promega Corp.), according to the manufacturer's instructions.
Statistical analysis.
Values are expressed as the mean ± standard deviation of three independent experiments. Differences between two groups were analyzed using Student's t-test. The association between miR-138 expression and clinical characteristics of LSCC patients were analyzed using the chi-square test. Pearson correlation analysis was used to analyze the correlation between miR-138 and EZH2 expression in LSCC tissues. SPSS 19.0 (International Business Machines Corp., Armonk, NY, USA) was used to perform statistical analysis. P<0.05 was considered to indicate a statistically significant difference.
Results

miR-138 is downregulated in LSCC tissues and significantly associated with LSCC progression.
RT-qPCR was used to examine the miR-138 expression in LSCC tissues and paired adjacent non-tumorous tissues. As shown in Fig. 1 , the miR-138 levels were significantly decreased in LSCC tissues compared with those in adjacent non-tumorous tissues. The clinical significance of miR-138 in LSCC was then assessed. Using the mean value of the miR-138 expression as a cutoff point, the patients enrolled in the present study were divided into two groups with regard to high and low miR-138 expression. It was revealed that low miR-138 levels were significantly associated with poor differentiation, lymph node metastasis and advanced clinical stage, but not associated with age, sex or distant metastasis (Table I) . Accordingly, the present findings suggested that decreased expression of miR-138 is associated with LSCC progression.
miR-138 has inhibitory effects on LSCC cell proliferation. As miR-138 was significantly downregulated in LSCC tissues, LSCC Hep-2 cells were transfected with miR-138 mimics to restore its expression. As indicated in Fig. 2A , transfection with miR-138 mimics significantly increased the miR-138 levels compared with those in the control group ( Fig. 2A) , while transfection with miR-NC did not affect the miR-138 levels in Hep-2 cells (Fig. 2A) . The MTT assay revealed that restoration of miR-138 expression caused a significant decrease in the proliferation of Hep-2 cells, when compared with that in the control group (Fig. 2B) . To confirm these findings, Hep-2 cells were then transfected with miR-138 inhibitor to further knockdown its expression. As shown in (Fig. 2D) . Therefore, the results suggested that miR-138 has inhibitory effects on LSCC cell proliferation.
EZH2 is a target gene of miR-138 in LSCC cells.
To further study the mechanism of by which miR-138 regulates LSCC cell proliferation, the putative target genes of miR-138 were predicated using Targetscan software. As shown in Fig. 3A and B, EZH2 was predicated to be a target of miR-138 and their association was evolutionarily conserved. To confirm this direct regulatory interaction in vitro, the WT or MT fragment of the EZH2 3'UTR was inserted downstream of the firefly luciferase coding region of pMIR-GLO™ luciferase vector, generating WT-EZH2-3'UTR or MT-EZH2-3'UTR luciferase reporter plasmid, respectively ( Fig. 3C and D) . Hep-2 cells were then co-transfected with WT-EZH2-3'UTR or MT-EZH2-3'UTR plasmid, and miR-NC or miR-138 mimic, respectively. The luciferase activity was significantly decreased in Hep-2 cells co-transfected with miR-138 mimics and WT-EZH2-3'UTR plasmid, but remained unchanged in cells co-transfected with miR-138 mimics and MT-EZH2-3'UTR plasmid, when compared with that in the control group (Fig. 3E) . Accordingly, miR-138 directly binds to the 3'UTR of EZH2 mRNA in Hep-2 cells.
The present study further assessed the regulatory role of miR-138 in EZH2 expression in LSCC cells. Western blot analysis was performed to detect the protein levels of EZH2 in Hep-2 cells after overexpression or downregulation of miR-138. As indicated in Fig. 4A , overexpression of miR-138 significantly decreased the EZH2 protein expression. By contrast, inhibition of miR-138 led to an upregulation of EZH2 protein levels in Hep-2 cells (Fig. 4B) . Therefore, EZH2, as a direct target gene of miR-138, is negatively regulated by miR-138 in Hep-2 cells.
Overexpression of EZH2 eliminates the suppressive effects of miR-138 on LSCC cell proliferation by activating PI3K/AKT signaling.
To investigate whether EZH2 was involved in the miR-138-mediated proliferation of Hep-2 cells, miR-138-overexpressing Hep-2 cells were further transfected with pcDNA3.1-EZH2 open reading frame plasmid to reverse the suppressive effect of miR-138 overexpression on EZH2 expression. After transfection, the protein levels of EZH2 were significantly upregulated (Fig. 5A) . MTT assay data further indicated that the proliferative capacity of Hep-2 cells was significantly higher in the miR-138 + EZH2 group compared with that in the miR-138 group, indicating that overexpression of EZH2 reversed the suppressive effects of miR-138 on Hep-2 cell proliferation (Fig. 5B) . Subsequently, the activity of PI3 K/AKT, a key signaling pathway involved in cell proliferation, was examined. As shown in Fig. 5C and D, the activity of PI3K and AKT was significantly higher in the miR-138 + EZH2 group compared with that in the miR-138 group. According to these results, it is suggested that miR-138 inhibits LSCC cell proliferation via inhibition of EZH2 expression and PI3K/AKT signaling.
EZH2 is upregulated in LSCC and inversely correlated with miR-138 expression.
Finally, the expression of EZH2 in LSCC tissues and adjacent non-tumor tissues was detected. RT-qPCR demonstrated that the EZH2 mRNA levels were significantly increased in LSCC tissues compared with those in adjacent non-tumor tissues (Fig. 6A) . In addition, the EZH2 levels were inversely correlated to the miR-138 levels in LSCC tissues (Fig. 6B) . Therefore, the upregulation of EZH2 may be caused by the decreased miR-138 levels in LSCC tissues, which promotes LSCC progression.
Discussion
The regulatory role of miR-138 in LSCC growth and the underlying mechanisms have remained elusive. In the present study, RT-qPCR results indicated that miR-138 was significantly downregulated in LSCC tissues. In addition, the decreased expression of miR-138 was significantly associated with poor differentiation, lymph node metastasis and advanced clinical stage of LSCC. Restoration of miR-138 expression caused a significant decrease in the proliferation of Hep-2 LSCC cells, while knockdown of miR-138 significantly promoted Hep-2 cell proliferation. A luciferase reporter assay further identified EZH2 as a direct target gene of miR-138, and the protein expression of EZH2 was found to be negatively regulated by miR-138 in Hep-2 cells. Furthermore, overexpression of EZH2 eliminated the suppressive effects of miR-138 on Hep-2 cell proliferation via activation of PI3 K/AKT signaling. In addition, EZH2 was found to be significantly upregulated in LSCC tissues and to be inversely correlated to the miR-138 levels.
miR-138 has been found to generally act as a tumor suppressor in certain common human cancer types by targeting different oncogenes (17, 18) . For instance, Yeh et al (19) found that miR-138 suppressed the invasion and metastasis of ovarian cancer cells by targeting SRY-box 4 and hypoxia-inducible factor-1α. Ye et al (20) reported that miR-138 inhibited the proliferation of non-small cell lung cancer (NSCLC) cells by targeting 3-phosphoinositide-dependent protein kinase-1. Xu et al (21) found that miR-138 suppressed the proliferation of oral squamous cell carcinoma cells by targeting Yes-associated protein 1. It was also reported to suppress invasion and promotes apoptosis in head and neck squamous cell carcinoma cells (22) . The present study found that miR-138 was significantly decreased in LSCC tissues. Furthermore, it was demonstrated that the decreased expression of miR-138 was significantly associated with the malignant progression of LSCC. Consistent with these findings, Gao et al (15) reported that miR-138 was downregulated in LSCC tissues compared with that in paired normal laryngeal tissue. In addition, they found that miR-138 inhibited the invasion of LSCC cells (15) . However, the exact role of miR-138 in regulating LSCC cell proliferation has remained to be fully elucidated. The present study demonstrated that miR-138 had suppressive effects on Hep-2 cell proliferation.
The histone methyltransferase EZH2 is the catalytic subunit of polycomb repressive complex 2, a highly conserved protein complex that regulates gene expression by methylating lysine 27 on histone H3 (23) . EZH2 has also been demonstrated to have a promoting role in various human cancer types and may thus become a potential therapeutic target for cancer treatment. For instance, EZH2 was significantly upregulated in luminal A breast cancer and the increased EZH2 levels were associated with poor overall survival (24) . Furthermore, EZH2 promotes the proliferation of colorectal cancer stem-like cells by activation of p21cip1-Wnt/β-catenin signaling (25) . Recently, Yu et al (26) found that knockdown of EZH2 inhibited LSCC cell proliferation and suppressed PI3K/AKT activation in LSCC cells. The present study demonstrated that EZH2 was a direct target of miR-138 and its protein expression was negatively regulated by miR-138 in Hep-2 cells. In fact, the targeting association between miR-138 and EZH2 was also reported in several other cancer types, including NSCLC, glioblastoma, clear cell renal cell carcinoma and osteosarcoma (27) (28) (29) (30) . Therefore, the present findings expand the understanding of the miR-138/EZH2 axis in human cancers. Furthermore, it was demonstrated that overexpression of EZH2 eliminated the suppressive effects of miR-138 on cell proliferation in Hep-2 cells, accompanied with upregulation of PI3K/AKT signaling, suggesting that miR-138 inhibits the proliferation of LSCC cells via targeting EZH2 and thus suppressing PI3K/AKT signaling. In addition, it was found that the EZH2 levels were significantly upregulated in LSCC tissues compared with those in their paired non-tumorous tissues, and an inverse cor relation was identified between the miR-138 and EZH2 levels in LSCC tissues, suggesting that the increased EZH2 expression may be due to the downregulation of miR-138 in LSCC, which further promoted the malignant progression of this disease. Similarly, another miR, miR-340, was also found to inhibit LSCC cell proliferation via inhibiting the expression of EZH2 (26) . Accordingly, EZH2 may be a key target of miRs in human cancer.
In conclusion, the present study suggested that miR-138 was significantly downregulated in LSCC and has a suppressive role in LSCC cell proliferation through inhibiting the EZH2 expression and PI3K/AKT signaling. Therefore, the miR-138/EZH2 interaction may become a useful therapeutic target for the treatment of LSCC. 
